Abstract Understanding how mortality and fertility are linked is essential to the study of population dynamics. We investigate the fertility response to an unanticipated mortality shock that resulted from the 2004 Indian Ocean tsunami, which killed large shares of the residents of some Indonesian communities but caused no deaths in neighboring communities. Using populationrepresentative multilevel longitudinal data, we identify a behavioral fertility response to mortality exposure, both at the level of a couple and in the broader community. We observe a sustained fertility increase at the aggregate level following the tsunami, which was driven by two behavioral responses to mortality exposure. First, mothers who lost one or more children in the disaster were significantly more likely to bear additional children after the tsunami. This response explains about 13 % of the aggregate increase in fertility. Second, women without children before the tsunami initiated family-building earlier in communities where tsunami-related mortality rates were higher, indicating that the fertility of these women is an important route to rebuilding the population in the aftermath of a mortality shock. Such community-level effects have received little attention in demographic scholarship.
Introduction
A central line of inquiry in population research assesses whether, when, and why fertility changes in concert with mortality. Investigators have hypothesized that exposure to mortality shapes fertility intentions and behaviors of an individual or couple through its impact on expectations about the survival prospects of children. A mortality effect may arise because the death of a child causes replacement of the child, or because expectations about future mortality cause hoarding (Montgomery and Cohen 1998; Palloni and Rafalimanana 1999; Preston 1978; Rosenzweig and Schultz 1983) .
Demographic theory is less well suited to describe fertility responses to large-scale mortality events, such as war and natural disasters (Hill 2004) . To the extent that a onetime event does not change expectations about future child survival, a fertility response to a temporary mortality increase cannot be attributed to a hoarding motive.
Instead, it may be that the replacement motive extends beyond those women whose children die and operates through social groups, such as extended families, networks, or ethnic groups. When mortality shocks are location-specific, the local community is likely to be a salient group in which a broader replacement and rebuilding motive may operate.
To provide empirical evidence on the extent of both individual and community-level mechanisms, we study the effects of mortality exposure on fertility after a large-scale unanticipated natural disaster: the 2004 Indian Ocean tsunami, which killed over 170,000 people in the coastal areas of Aceh and North Sumatra, Indonesia. This work builds on previous studies that have documented fertility shifts after earthquakes, hurricanes, famines, economic crises, terrorist attacks, war, and genocide (e.g., Agadjanian and Prata 2002; Caldwell 2004; Finlay 2009; Heuveline and Poch 2007; Lindstrom and Berhanu 1999 ; see also the review in Lee 1997) .
Using a sample representative of the pre-tsunami population, we document a positive association between exposure to the 2004 tsunami and subsequent fertility at the aggregate level. We provide evidence that the fertility increase can be attributed to tsunami mortality and that it is driven primarily by two groups of women. First, mothers who lost a child in the tsunami were significantly more likely to give birth again after the tsunami relative to mothers whose children survived. These births account for about 13 % of the aggregate increase in fertility due to the tsunami. Second, where local area mortality was higher, women who had not borne children before the disaster were also significantly more likely to give birth after the disaster relative to similar women in communities with lower tsunami mortality.
Several features of the disaster provide leverage to address these questions. First, because the force of the water on land varied with topographical and hydrological features, the tsunami's impact on mortality was idiosyncratic even within small areas (Frankenberg et al. 2011; McAdoo et al. 2007; Umitsu et al. 2007 ). Second, in contrast to deaths from war or famine, tsunami-related mortality occurred almost entirely within a few hours of the precipitating earthquake, making it possible to pinpoint timing. Third, the tsunami was completely unanticipated. Thus, tsunami-related mortality can legitimately be treated as a mortality shock at the local area level.
It has been a challenge to establish a causal link between mortality and fertility in previous research, largely because of data constraints. We use data from a rich longitudinal survey conducted in coastal Indonesia that was designed to address this question. The survey that provides the baseline for the Study of the Tsunami Aftermath and Recovery (STAR) was collected 10 months before the tsunami as part of SUSENAS, a large-scale nationally representative household socioeconomic survey conducted annually by Statistics Indonesia. Follow-ups were conducted annually for five years after the tsunami. The survey includes detailed pregnancy and birth histories, combined with information about the disaster collected at the individual and community levels. The survey encompasses heavily damaged communities with high mortality (on average, about 30 % of residents perished in these communities) as well as nearby communities where the direct effects were much more muted. Data from STAR allow us to relate the experience of mortality within the local area to the fertility of women who were living in that area at the time of the tsunami. This empirical approach is more powerful than relying on temporal variation alone.
The research advances understanding of both replacement fertility of individual women and population rebuilding in the context of high-mortality disasters. In recent years, similarly sudden large-scale events have generated significant mortality shocks in Haiti, Myanmar, Japan, China, and India, among others, and are likely to recur given rising population densities in areas increasingly vulnerable to environmental crises (Marshall and Picou 2008; Vos et al. 2010) . By drawing direct comparisons between estimated effects at the community level and estimates of replacement at the individual level, the research provides new evidence on the relative importance of these two effects in population dynamics following disaster.
Fertility in Response to Macro Shocks: Evidence
Population scientists have long studied the demographic consequences of large-scale macro shocks. Effects on fertility have been observed at both the aggregate and individual level. War has received the most systematic attention (e.g., Rindfuss and Sweet 1978) . Several studies have documented significant declines in fertility, either overall or for more-affected relative to less-affected subgroups during conflicts accompanied by major social upheaval (Agadjanian and Prata 2002; Blanc 2004; Caldwell 2004; Heuveline and Poch 2007; Lindstrom and Berhanu 1999) . In some instances, the end of the conflict is accompanied by a fertility increase. Caldwell (2004) , for example, documented a fall followed by a rise in fertility for Russia, Spain, and Germany in the context of major disruptions before the 1960s. Famines are characterized by a similar temporal fertility pattern, as evidenced by studies from the Netherlands, China, and Bangladesh (Ashton et al. 1984; Stein and Susser 1975; Watkins and Menken 1985) . Isolating proximate mechanisms and disentangling whether fertility increases represent fundamental shifts in fertility desires or simply the realization of deferred reproduction are complicated when the precipitating events occur over multiple years and involve shifting spatial boundaries.
Other research considers spatially and temporally more discrete events, such as natural disasters and terrorist attacks. Results are mixed. Using a theoretical framework guided by work in psychology on stress and attachment, Cohan and Cole (2002) analyzed rates of marriage, birth, and divorce before and after Hurricane Hugo in affected and unaffected South Carolina counties. Rates for each of these outcomes rise and then fall, leading the authors to suggest that exposure to a life-threatening event prompted significant actions and measurable changes with respect to close relationships.
A similar approach and conclusion was reached with respect to fertility in and around Oklahoma City in conjunction with the 1995 bombing of the Alfred P. Murrah Federal Building (Rodgers et al. 2005) . By contrast, despite predictions of a post-September 11 baby boom in the United States (Morin 2002; Scelfo 2002) , natality data indicated no such increase (Martin et al. 2003) . It is important to note that none of these events have caused large-scale loss of life, and thus may provide only limited insights into behavioral responses to the death of a substantial fraction of the population.
Relatively few studies have sought to isolate the impact of large-scale mortality on subsequent fertility. The most comprehensive study involves the long-term impact on fertility of excess mortality in Cambodia during the years of Khmer Rouge control (1975 Rouge control ( -1978 , when some 25 % of the population died as a result of war-related violence and disease (Heuveline 1998; Heuveline and Poch 2007) . Using retrospective birth histories collected in 2000 for women (ages 15-74), the authors documented a sharp decline in the total fertility rate between 1975 and 1978, a near doubling between 1978 and 1980 to levels above the prewar rate, and then a decline. The period of most dramatic increase occurs shortly after Vietnam took control of the country and the Khmer Rougeimposed genocide was abruptly halted, leading the authors to conclude that the fertility increase was a response to the high levels of mortality.
Two other studies have explored fertility in the aftermath of high-mortality disasters. Finlay (2009), using cross-sectional surveys, considered fertility for three earthquakes, each with death tolls of 15,000 or more. Comparing fertility before and after the earthquake for residents of areas affected by the earthquake with fertility of residents of areas that were not affected revealed greater post-disaster increases in fertility in affected areas. The same approach was adopted using census data to examine the impact of the 2003 Bam earthquake in Iran. The authors documented a fertility decline in 2004, followed by a rise in -2007 (Hosseini-Chavoshi and Abbasi-Shavazi 2013 .
Fertility in Response to Mortality: Theory
A considerable body of theoretical work posits that fertility levels are partly a response to mortality levels in the broader community and to couples' own experience of child mortality. These ideas have roots in demographic transition theory as well as in theories from psychology, sociology, and economics.
Fertility in Response to Mortality Outside the Family
The most explicit theoretical link between child mortality occurring outside the family and fertility decisions-or what Preston (1978) referred to as "extrafamilial effects"-involves the concept of "insurance" fertility, whereby parents bear more children than they ultimately want to have in anticipation that some will not survive (Cain 1981; Montgomery and Cohen 1998; Portner 2007; Preston 1978; Rosenzweig and Schultz 1983) . A few studies have linked fertility timing to declines in child mortality at the level of the village (Atella and Rosati 2000; LeGrand et al. 2003) or the social network (Sandberg 2006) . Of course, insurance effects are irrelevant for disasters unless the event shifts expectations about child survival over the longer term and causes parents to produce "extra" children.
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Mortality outside the family might affect fertility through other avenues as well. One mechanism may work through risk-sharing at the level of the community or ethnic group, as has been described in some agricultural settings (see Conning and Udry 2007; Geertz 1968; Grimard 1997; Suri 2003; Townsend 1994) . If community members benefit from the next generation of children, a collective fertility increase might arise in response to child mortality at the community level.
Although demographers have emphasized ties between child mortality and fertility, the literature on resilience in psychology suggests a different motivation for the links between fertility and mortality more generally. Specifically, the experience of mortality may shift preferences toward goals with intrinsic meaning (such as interpersonal connection and community development) rather than extrinsic goals (such as amassing wealth and status) (Vail et al. 2012) . The logic suggests that among other things, a renewed investment in family will emerge in response to an awareness of human frailty (Fritsche et al. 2007; Nakonezny et al. 2004) .
Related research views fertility as taking on symbolic meaning in the aftermath of population trauma. When crises disrupt individuals' perceptions of the world as ordered and reliable, births represent renewal and a "return to normal" (e.g., Carta et al. 2012; Norris et al. 2002; Rodgers et al. 2005) . Other scholarship describes the pronatalist sentiment emerging from mortality shocks that disproportionately affect (or target) certain ethnic groups (Borneman 2002; Jansen and Helms 2009) or hypothesize its existence in settings where a substantial fraction of the population has perished (Heuveline and Poch 2007) .
Behavioral fertility responses to contextual mortality shocks are likely to vary by women's fertility goals, parity, and the age composition of surviving children. Women who are childless or at lower parities will, on average, desire more children and ceteris paribus will exhibit stronger behavioral fertility response to mortality shocks.
Of course, births in the months following a macro shock may be reduced because of miscarriage. A mortality shock may lower population fertility over the longer term through other avenues as well. Witnessing the deaths of family and friends may induce psychopathologies (Neria et al. 2008; Norris et al. 2002) , which may reduce the desire for children, coital frequency, relationship quality, and women's physiological capacity to carry a child to term (Nakamura et al. 2008; Parker and Douglas 2010; Segraves 1998) . How and when the psychological response to mortality produces familybuilding rather than family disruption is not well understood (Cohan 2010) .
Fertility in Response to Mortality of Own Children
Although theory supports a role for contextual effects of mortality, many studies have focused on whether the event of an "own-child" death prompts a couple to conceive again, so that the child who died is "replaced" by one that would not otherwise have been born. Preston (1978) outlined the pathways of individual replacement behavior.
Replacement may arise as an artifact of physiology: a child death can increase fertility simply because a woman stops breast-feeding and resumes menstruating. Alternatively, after the death of a child, couples may intentionally try to conceive.
Micro-level research documents these phenomena, finding that both physiologically induced and volitional replacement operate in various contexts, but that neither exhibits large population-level impacts on fertility (Frankenberg 1998; Grummer-Strawn et al. 1998; Hossain et al. 2007; Kuate Defo 1998; Lindstrom and Kiros 2007; Montgomery and Cohen 1998; Palloni and Rafalimanana 1999; Rosero-Bixby 1998) . This literature considers settings where child mortality levels are relatively stable and volitional replacement is a response to an event about which parents can form reasonable expectations-an orientation with origins in demographic transition theory. As a result, bias from omitted variables or endogeneity is an oft-referenced issue (Palloni and Rafalimanana 1999) .
Studies of unanticipated disasters help put these concerns aside, but individual-level studies are possible for only a few high-mortality disasters. The 2008 Wenchuan earthquake in Sichuan, China is an exception. Thousands of parents lost their only child. In response, the state sponsored fertility programs, which helped a number of women to explicitly "replace" the child that perished (Pinghui 2013; Qin et al. 2009 ).
The Indian Ocean tsunami provides a similarly powerful context in which to study both "replacement" fertility and a potential response to mortality within the community. The longitudinal data support estimation of whether a woman who lost a child in the tsunami subsequently bore another child, which speaks directly to the question of an individual response. Moreover, STAR provides evidence on the relationship between local area tsunami mortality and subsequent fertility among residents of the area at the time of the tsunami, and thereby allows us to contrast the relative importance of extrafamily and intrafamily responses to a large-scale mortality shock.
Mortality and Fertility During the 2004 Tsunami
The 2004 Indian Ocean tsunami was exceptional in magnitude and scope. On December 26, an earthquake measuring 9.3 on the Richter scale displaced 1 trillion tons of water. The resulting tsunami slammed into the Indonesian coastline, reaching some areas as little as 15 minutes after the earthquake. Aceh and North Sumatra were the provinces hardest hit. In some areas of Aceh, water heights exceeded 15 meters (Umitsu 2011:54, 58 ) and the water traveled inland via riverbeds for as much as 6 kilometers. About 170,000 people died, and over 500,000 were displaced, losing their homes and livelihoods (Athukorala and Resosudarmo 2005; Doocy et al. 2007; Gray et al. 2014) .
The magnitude of the tsunami's overall impact masks considerable spatial variation, arising from the idiosyncrasies of coastal topography that shaped variation in the waves' force and extent of inundation (McAdoo et al. 2007; Ramakrishnan et al. 2005; Umitsu et al. 2007 ). Neighboring communities experienced markedly different degrees of damage as a function of elevation and orientation relative to the shoreline. STAR is designed to capture this heterogeneity.
To assess the impact of mortality on subsequent fertility, we analyze data from communities that experienced substantial tsunami mortality and communities from the same districts (kabupaten) that did not. Communities are excluded from our sample if no area in the district was affected by tsunami mortality, yielding a sample in which comparison areas (those with no tsunami-related mortality) are close enough geographically to be similar to areas that sustained tsunami-related mortality.
Data from the first follow-up wave of STAR regarding survival status of survey respondents provide our primary source of information for classifying communities. Survival status was ascertained by identifying an individual who was a household member at the baseline survey and could confirm other members' survival statuses. If no original household member could be located, death information was derived from interviews with multiple people who were living in the community at baseline and by cross-checking rosters of the dead maintained in the community. Mortality status was determined for 97.4 % of the STAR sample. Other sources of information are used to cross-validate community classifications, including questions to community leaders on tsunami deaths, water inundation, and destruction; damage observations of survey supervisors; and levels of exposure to the tsunami reported by residents. A community is classified as mortality-affected if one or more STAR respondents died because of the tsunami, unless the number of deaths is very small and no other corroborating evidence suggests that the tsunami acted with any force on the community.
2 Table 1 presents descriptive statistics on the tsunami's impact, estimated separately for communities directly affected by tsunami mortality and for comparison communities from the same districts. As they should be, differences in the mortality rates are stark. In mortalityaffected communities, the tsunami killed 29 % of the population. In the communities with no tsunami-related mortality, about 0.5 % died. Within the mortality-affected communities, rates vary by demographic group. About one-third of children under 5 and one-third of reproductive-age women perished, whereas the rate is 19 % among prime-age men.
Panels B and C describe destruction to the built and natural environment, using two approaches. Panel B draws on satellite imagery before and after the disaster. Gillespie et al. (2007) , using images from the U.S. National Aeronautics and Space Administration (NASA) Moderate Resolution Imaging Spectroradiometer (MODIS) sensor taken on December 17 and December 29, 2004, developed a measure of destruction to ground cover for a 750m grid surrounding each of the center points of the communities surveyed in STAR (based on GPS). In the mortality-affected communities, over half the area of the grid was turned to brown earth, indicating complete destruction of ground cover, but less than 10 % of the grid was turned to brown earth in communities not affected by mortality. Our second approach, displayed in panel C, relies on reports by village leaders about particular types of destruction. Damage to roads, contaminated water, and problems with debris are all more common in mortality-affected communities (affecting about two-thirds of the communities), but they occur in nonmortality communities as well, where rates range from 12 % to 21 % across the indicators.
Finally, community leaders were asked how life had changed in the year after the tsunami. For the mortality-affected communities, 73 % of leaders report a downturn in quality of life, and fully 21 % of them explicitly mention population loss as a problem; price increases and reductions in economic opportunity are other common responses. In the communities unffected by mortality, about one-third of leaders felt that life became worse. Population loss is not the problem, but rising food prices and fewer jobs and business opportunities are.
In combination, these indicators capture an important aspect of the tsunami. Although mortality and the most devastating physical destruction were concentrated in a subset of communities along the west coast, the geographical reach of disruption is much broader. Our comparison communities are affected by the disaster, but not by the mortality it caused.
We turn now to macro-level evidence of fertility change. To document patterns of fertility before and after the disaster, we calculate age-specific probabilities of live birth for each quarter-year between 2000 and 2009 for reproductive-age women interviewed in the baseline survey. 3 The rates pertain to the period before the tsunami (January 2000-December 2004) and to the period after the tsunami (January 2006-December 2009). We exclude births in 2005 because fertility during most of that year will not be attributable to behavioral decisions made in response to the disaster (and was complicated by miscarriages after the tsunami) (Hamoudi et al. 2014) . Figure 1 displays these rates, stratified by period and mortality zone (dashed lines indicate communities experiencing tsunami mortality). For the 2000-2004 period, the estimated total fertility rates are 2.18 and 2.74 in the areas with and without tsunamirelated mortality, respectively. After the tsunami, fertility rates by zone change in opposite directions. In the mortality-affected communities, fertility increases, particularly for women aged 20-34, and the overall rates for 2006-2009 are 2.67 and 2.52, respectively, in the mortality-affected versus comparison communities. The difference between the increase in the mortality-affected communities and the decrease in communities that did not experience tsunami-related mortality is 0.71, which is statistically significant at the 5 % level. (The bootstrapped standard error is 0.21.
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) The differencein-difference for the underlying ages (displayed in the inset table of Fig. 1 ) confirms that the largest changes in mortality-affected communities occur for women between the ages of 20 and 34.
At the population level, a 0.7 increase in total fertility rate (TFR) for the four-year period after the tsunami constitutes a large effect. Similar magnitudes are reported by Finlay (2009) , who identified an effect of roughly one-fifth of a child ever-born per woman, observed one year and four years after major earthquakes in Pakistan and Turkey, respectively. By comparison, the birth increase attributed to the Oklahoma City bombing was less than one birth per 1,000 women over the three years after the event (Rodgers et al. 2005) .
To what extent can the change in fertility be attributed to a response to mortality? Couples who lost children may want to replace them. However, mortality outside the family may also influence reproductive choices. Theory suggests the strongest response to mortality is likely to occur within units of social salience for respondents. Because the impact of the tsunami was location-specific and because the community (desa or kelurahan) is highly salient in Indonesian society, we focus on responses to community-level mortality.
Methods

Empirical Issues in Linking Mortality and Fertility
Establishing a causal effect of mortality on fertility poses several challenges. Detailed data on the timing and locations of births and deaths of children are essential, but they may not be sufficient to disentangle associations that reflect micro-versus macro-level forces (Guha-Sapir and Below 2006; Montgomery and Cohen 1998; Palloni and Rafalimanana 1999; Sandberg 2006) . Perhaps most problematic, deaths are typically not random events. The antecedents of mortality-economic conditions, health endowments, and the health-service environment-are also typically correlated with fertility (Olsen 1980) . Moreover, reverse causality poses difficulties because birth spacing and parity affect infant mortality (e.g., Palloni and Tienda 1986) . Without adjustments for these processes, associations between mortality and fertility are likely upwardly biased. Some of these challenges can be addressed by examining fertility in the context of mortality shocks. The timing, location, and magnitude of some disasters are unexpected and can be located precisely in time and space. As a result, the behavior preceding and following the disaster is easier to distinguish and attribute to unexpected mortality. Some disasters occur idiosyncratically, which reduces the likelihood that child deaths are correlated with factors associated with prior fertility choices and outcomes. When the precipitating event is unexpected and short-lived, fertility changes are unlikely to reflect tempo effects of fertility delays.
Apart from Heuveline and Poch (2007) studying the Khmer Rouge, no other analysis of fertility in the wake of humanitarian crisis explicitly ascribes fertility changes to the mortality generated by these events. Several difficulties hamper doing so. In the context of disaster, facets of family and community life other than mortality change rapidly as well. Because these may also influence fertility, it is difficult to attribute a fertility response to the death of a child rather than some other contemporaneous process, such as loss of livelihoods, dependence on government aid, or reduced contraceptive access (Hapsari et al. 2009; Hill 2004 ). In addition, data on the same population before and after exposure to the disaster are rare.
Our study develops an empirical strategy that capitalizes on the longitudinal and multilevel nature of the STAR data. We analyze the fertility of individual women in STAR with information collected in both the pre-tsunami baseline and five annual post-tsunami survey rounds. Each post-tsunami survey provides detailed information about the mortality of household members since the pre-tsunami baseline. The most detailed information on fertility comes from complete pregnancy histories asked of reproductive-age women in the second follow-up round, with updates in each subsequent round. For pregnancies ending in live births, each child's survival status is updated at the time of the interview. Information on date and age of death is available for each child who died, along with whether the death was related to the tsunami.
Recontact rates in STAR are high. Among reproductive-age women who survived the tsunami, 93 % were surveyed in the 2010-2011 follow-up (STARF), and the rates are similar for women regardless of whether their community was affected by tsunami mortality and in spite of the high level of devastation and dislocation caused by the tsunami.
Response to Death of Own Children
We begin with the question of how the death of a child affects the mother's fertility. Detailed fertility histories collected in the second post-tsunami follow-up along with any updates collected in each of the three subsequent waves are used to create a dichotomous indicator, B ic , for whether a mother i who was living in community c at the time of the tsunami had at least one live birth between January 1, 2006, and December 31, 2009. 5 To compare the post-tsunami fertility of mothers who lost a child with the fertility of mothers who did not, the model includes an indicator variable M ic , which takes the value 1 if the mother lost at least one child in the tsunami and a value of 0 otherwise.
In each model, the woman's characteristics, X ic , include factors likely to predict both fertility and vulnerability to child mortality in the context of the disaster. These characteristics are measured before the disaster using the baseline pre-tsunami survey, and they include women's parity, age (specified with a piecewise linear spline with knots at fiveyear intervals), and education (measured with dichotomous indicators capturing completion of junior high and completion of high school). To control for individual experiences in the disaster, we include an indicator of whether the respondent was swept up in the water or saw family or friends struggle or disappear in the water.
As in many societies, fertility in the region is patterned by socioeconomic status. For this reason, we also include household per capita expenditure and indicators of homeownership and landownership (all measured in 2004, before the disaster).
Means of the key variables related to fertility, child mortality, and exposure to the tsunami are provided in Panel A of Table 2 . The first column aggregates women regardless of child mortality experience. Subsequent columns present the differences in these variables for women who lost a child relative to those who did not. Overall, among the 2,301 women who were mothers at the time of the tsunami, just over 5 % lost a child during the disaster, and just over 10 % of women were exposed to the tsunami waves. Exposure rates are much higher for women who lost a child in the tsunami than for those who did not. Overall, 27 % of women gave birth to another child after the tsunami. Although the rate is higher for those who lost a child, relative to those who did not, the difference is not statistically significant. With respect to other demographic and socioeconomic features (prior fertility, age, and education), women who lost a child are no different from women whose children survived. These results are consistent with the idea that apart from losing a child as a result of the disaster, our two groups of women are largely similar.
Some community-level aspects of the tsunami, such as loss of natural resources and sources of livelihood, have the potential to affect subsequent fertility. If these factors are also correlated with whether women lost children, failure to include them will bias estimates of M ic . To address this concern, we estimate a model taking into account all community-level characteristics that are fixed during the post-tsunami study period, 2006-2009, and affect post-tsunami fertility in a linear and additive way:
In this specification, μ c is a community-level fixed effect that absorbs community-level tsunami impacts and pre-tsunami resources. A concern that has received considerable attention in the literature is whether an observed fertility response after a child's death arises because of a conscious (a volitional effect) or inadvertently via increased fecundability after breast-feeding stops (a physiological effect). To investigate this question, we consider two additional pieces of evidence.
First, we assess whether deaths of children who have aged out of the period when children are typically breast-fed predicts subsequent fertility. The median duration of any breastfeeding is about 20 months, but supplements are typically introduced within a few months of birth (CBS 2008) . Children aged 2 and older are not breast-fed enough to prevent ovulation Effects of Mortality on Fertilityin their mothers. We extend Model 2 by replacing the indicator of child death (M ic ) with two indicator variables that capture (1) the loss of a child who was under age 2 (<1 % of women) and (2) the loss only of children age 2 and older (4 % of women). A positive coefficient on the indicator of at least one death to a child under age 2 may arise either because of a physiological response to the cessation of breast-feeding or intentional behaviors to increase family size. By contrast, a positive coefficient on the indicator of death(s) of only older children is almost certainly not working through breast-feeding behavior.
Our second approach adds an interaction between the loss of a child and an indicator that a woman's parity exceeded two children at the time of the disaster. Previous research predicts a more muted response to child death among higher-parity women who may have already exceeded their desired family size.
Finally, to explore variation by socioeconomic status, we interact loss of a child with whether the mother completed high school. In all the empirical models, standard errors take into account clustering at the community level as well as arbitrary forms of heteroskedasticity (Huber 1967 ).
Relationship Between Community-Level Mortality and Post-Tsunami Fertility
We turn next to the association between post-tsunami fertility and community-level mortality. An association between fertility and exposure to mortality at the community level is likely to mask substantial heterogeneity in responses across women. As noted earlier, the relationship may differ for mothers who experienced at least one child death relative to those mothers who did not. In addition, the fertility-mortality relationship likely varies with parity. Our model is specified as follows:
As before, M indicates exposure to mortality; but here, M c is a community mortality rate, measured as the percentage of STAR respondents killed by the tsunami. D ic is an indicator variable for women who experienced the death of at least one child in the tsunami, and N ic is an indicator for women who had not borne a child at the time of the tsunami. Estimates of β 1 and β 2 measure the differential effect of variation in community-level mortality on each of these two groups of women relative to the excluded group: women whose children survived the tsunami. Assuming that there are no unmeasured characteristics that are correlated with unobserved heterogeneity, ζ ic , estimates in Eq. (3) can be given a causal interpretation. In the model, comparisons are drawn between women who were living in the same community at the time of the tsunami, and thus the women are likely to have much in common. However, their own experience of the tsunami differed, at least for those who lost a child. Our estimates attempt to take this into account, and we interpret β 1 as measuring the difference between the impact of a higher level of community mortality and a lower level of community mortality on the post-tsunami fertility of mothers who lost a child relative to those who did not. A parallel comparison is drawn for β 2 , which measures the impact of different exposures to community-level mortality between women who had not yet borne a child at the time of the tsunami and women who were already mothers but did not lose a child.
For these models, the sample of mothers is supplemented with women with no previous births at the time of the tsunami (total N = 3,936 women). Characteristics of the sample are summarized in Panel B of Table 2. 6 Overall, about 4 % of the population was killed in the tsunami. The sample of all women is similar to the sample of mothers with respect to exposure to the tsunami and post-tsunami fertility. Parity at the tsunami and exposure to child mortality before the tsunami are a little lower, and the sample is younger and a little better educated, as one would expect with the addition of women who had not yet had children. With respect to the differences in women from mortalityaffected versus mortality-unaffected communities, women in the mortality-affected communities were more likely to have been exposed to the tsunami and are more likely to have completed a high school education (for which we will control), but they are otherwise similar.
Results
The Effect of Own-Child Death on Maternal Fertility
Evidence of a behavioral fertility response to the death of a child is explored with Models 1 and 2. Table 3 displays linear probability estimates of a birth between 2006 and 2009 for women with at least one pre-tsunami birth. The first column presents ordinary least squares (OLS) results; column 2 provides estimates from a model that includes community fixed effects. Conceptually, the fixed-effects model comparisons are drawn between mothers who were living in the same community at the tsunami, one of whom lost a child and the other did not (controlling the characteristics X ic in the table).
As shown in column 1 of Table 3 , mothers who lost at least one child are 5 percentage points more likely to have an additional birth in the post-tsunami period. The effect is not statistically significant. With inclusion of community fixed effects, mothers who lost at least one child are 10 percentage points more likely to have an additional birth in the post-tsunami period-an effect that is statistically significant. A Hausman test rejects the hypothesis that the OLS and fixed-effects models are equivalent (χ 2 = 34.54, p value < .01). Given that 27 % of women in the sample had an additional birth, the 0.10 effect represents about a 37 % increase in the probability of an additional birth associated with death of one's own child. If one measures own-child mortality as the number of children that died (column 3), the effect (0.07) is further evidence of a strong fertility response to child death.
Interpreting these results with respect to theory or women's welfare depends partly on whether the pattern represents volitional behavior. Column 4 of Table 3 presents the results from a specification that includes indicators distinguishing death of a young child from deaths only of children age 2 and older. The coefficient for losing only older children, at a statistically significant 0.098, is nearly as large as the result for losing any children in column 2. For women who lost a child under age 2, the coefficient is 0.094 and is not statistically significant. Given these results, breast-feeding cessation cannot Notes: Linear probability models for all mothers at time of tsunami living in mortality-affected districts. Community fixed effects are measured for community of residence at time of pre-tsunami survey. All models include controls for age of mother splines, ln(per capita expenditure), indicator variables for household ownership of land, and ownership of house, all measured prior to the tsunami. Standard errors (shown in brackets) take into account clustering at the community level and are robust to heteroskedasticity. Difference between OLS and FE estimate of impact of child death = 0.049 (SE = 0.020).
be the sole explanation for the pattern in column 2, suggesting that intentional replacement plays a role.
Comparisons are also drawn between lower parity (≤3) and higher parity (>3) mothers (column 5). Women at lower parities are 11 percentage points more likely to have an additional birth after losing a child than women who did not lose a child. The gap for higher parity mothers is just over one-half the size (6.6 percentage points) and is not statistically significant. All evidence, then, indicates volitional replacement behavior by mothers whose child(ren) died during the tsunami.
The last column in Table 3 considers whether the strength of the response to ownchild death varies by women's educational level-specifically, whether women completed high school. The coefficients on death of a child are 0.153 for women who did not graduate and 0.086 for women who did. The former is statistically significant; the difference between the estimates is not.
The Fertility Effects of Mortality in the Community
We turn now to the models for response to the level of tsunami mortality within the community. Because this question is relevant for women with and without children, we add childless women to the sample. Our models distinguish both women without children and mothers who lost a child, relative to the omitted group of mothers whose children all survived the tsunami.
Results from Model 3 using a linear probability specification are presented in Table 4 . Estimates of the coefficient on mortality at the community level for mothers who lost at least one child are reported in the first row of the table. Estimates for women with no children before the tsunami are in the second row of the table. As before, standard errors take into account clustering of the sample and heteroskedasticity of arbitrary form; all models include the individual controls listed in the table.
Both for women who lost a child and for women without children at the time of tsunami, the effects of the level of community mortality on bearing a child after the tsunami are strong and positive, and they are identical in size. For each additional 1 percentage point increase in the population killed, mothers who lost at least one child are 0.460 percentage points more likely to have a birth after the tsunami than other mothers. For women who had not borne a child at the time of the tsunami, the estimate is 0.468 relative to mothers who did not lose a child.
The results are striking. In the absence of community mortality, women without children before the tsunami are significantly less likely to have had a child between 2006-2009 than are mothers whose children survived, and mothers who lost a child are no more likely to have reproduced than women whose children survived. However, in communities with higher levels of mortality, both groups of women have appreciably higher fertility.
Additional columns explore whether the community mortality effects are stronger for particular subgroups of women. Results are stratified by parity in columns 2 and 3 of Table 4 . For mothers who lost at least one child, a strong fertility response is observed only among those with three or fewer children. For these women, the coefficient is 0.578, compared with 0.056 for women of parity 4 and higher. Column 4 presents estimates for women who were age 25-34 at the time of the tsunami. Women in this age range who were childless pre-tsunami have an especially strong fertility response to higher rates of mortality in the community. Each 1 percentage point increase in mortality is accompanied by an increase of 1.2 percentage points in the probability of a birth. Finally, by schooling attainment, women who completed high school have a stronger fertility response to community mortality than women with less education, particularly for women who lost a child. For these women, the coefficient is 1.077 for high school graduates, relative to 0.204 for those without a degree.
The final column of Table 4 tests the sensitivity of the central result to substituting the fraction of the community's children that perished for the fraction of the total population that died. Results do not change substantially, which is not surprising given that the correlation in child and total death rates is over 0.9.
Discussion
Mortality shocks arising from natural disasters are not unusual. Worldwide, between 2000 and 2010, 1 in 28 people were affected by some form of mortality-inducing disaster arising from natural hazards (Guha-Sapir and Hoyois 2012). Studying fertility in the wake of these events sheds light on fundamental aspects of population rebuilding and provides a new lens through which to consider the relationship between mortality and fertility. We document a large increase in fertility after the 2004 Indian Ocean tsunami that is concentrated in communities where mortality from the tsunami was high. In these areas, during the second half of the 2000-2009 decade, total fertility was one-half of a birth higher per woman than would have been expected in the absence of the tsunami.
We find evidence of a statistically significant increase in fertility among women who lost one or more children. The results are consistent with a volitional effort to increase fertility in response to the deaths of one's children. However, the effect is estimated to be only about 0.10 additional births, which does not come close to replacing the children these mothers lost, let alone account for the large increase in the total fertility rate after the tsunami. What explains these additional births?
Over and above evidence of partial replacement after the death of one's own child, we also find a powerful effect of mortality at the community level on subsequent fertility. These effects are largest among mothers who lost a child in the tsunami and among women who had not borne a child at the time of the tsunami; they are very similar in magnitude for both groups of women, amounting to almost 0.5 additional births for each additional 1 percentage point increase in mortality in the community. For women who lost a child, the estimate reflects both the impact of that death and the death of children in the community. For women who had not borne a child, the 0.5 additional births reflect the impact of community-level mortality. With additional waves of STAR, it will be possible to determine whether this pattern reflects accelerated timing of births or results in larger completed family sizes.
Based on the fixed-effects estimates in column 1 of Table 4 , we estimate there were 9,500 more births between 2006 and 2009 in the study area than would have occurred in the absence of tsunami-related mortality. Of those births, 13 % occur to mothers who lost at least one child in the tsunami, and 87 % occur to women who had not borne a child prior to the tsunami.
The estimated effects are not likely to reflect a motivation of "hoarding" or "insurance" as traditionally theorized in demographic transition literature. A tsunami of this magnitude had not affected mainland Aceh for five centuries, and it is unlikely that most women expected an event of this magnitude to occur again.
Instead, the disaster may have increased broad pronatalist sentiment and a desire to "rebuild" communities. Women without children at the time of the disaster would be expected to respond more readily to this kind of sentiment, and the response might be magnified in closely knit communities that share strong kin ties. In that case, community members may have sped up family-building to replace the villages' lost children.
Entrance into new unions is also part of the story. Marriage is nearly universal in Aceh, and marriage and childbearing are tightly connected. Births outside of marriage are nearly nonexistent. Because men were more likely to survive the disaster and more likely to repartner in its wake, some new unions with younger women were formed (Burrows et al. 2012) . But it does not follow that that the new births are an accidental afterthought of the new unions. Instead, these new unions were almost certainly generated with the intent of childbearing. In this context, intentions related to union formation and childbearing cannot be cleanly separated.
Thus, the fertility increases observed after the disaster likely arose from multiple mechanisms operating simultaneously. For childless women, a desire to contribute to rebuilding families and communities through reproduction may have increased fertility. For mothers who suffered the death of children, the desire to have another child in the aftermath of a child loss raised fertility.
Our study provides a complementary lens on questions central to the study of population dynamics. Importantly, we do not directly address some of the hypotheses in the earlier demographic transition literature linking mortality and fertility decline. The fertility effects of mortality increase and mortality decrease are likely asymmetric for a number of reasons, including differences in how increases and decreases in mortality are perceived (e.g., Montgomery 2000) .
Instead, the contributions of this study include the use of several design elements to ensure that the measured fertility changes arise at least partially in response to the loss of children and to the loss of community members. Using data from a populationrepresentative sample established before the disaster and following those respondents (including movers) over time mitigates legitimate concerns about sample-selection bias. In addition to taking into account individual and community attributes measured before the disaster that likely capture preexisting vulnerability to mortality (and may be correlated with fertility behavior), we estimate models that include community fixed effects and draw comparisons between women living in the same community. We thereby reduce the chance that our estimates are contaminated by unobserved heterogeneity. Adjusting for exposure and including community fixed effects reduces the likelihood that we are measuring a fertility response to other changes occurring in the context of the disaster-and instead increases the likelihood that we are measuring a response to the loss of a child and exposure to mortality in communities.
The disaster effects observed here (Fig. 1) are quite large in comparison with events such as Hurricane Hugo, the September 11 attacks, and the Oklahoma City bombing. Instead, they more closely align with the events such as the high-mortality earthquakes in Iran (Finlay 2009; Hosseini-Chavoshi and AbbasiShavazi 2013) . One clear difference between events in the United States and earthquakes elsewhere is the magnitude of the accompanying mortality increase. This explanation is consistent with the evidence presented here that the mortality shock itself had a sizable influence on fertility in damaged communities. By contrast, the aggregate effect on fertility is substantially smaller than observed after the mortality increases accompanying the reign of the Khmer Rouge in Cambodia (Heuveline and Poch 2007) , or after World War II in Western Europe. Among other things, war-related crises tend to last longer; it may be that periods of conflict often generate delayed fertility, whereas natural hazards support a much smaller tempo effect.
Evidence from the Cambodian population suggests that a tempo effect may have been operating in tandem with some of the other contextual mechanisms that we have identified as potentially relevant for the post-tsunami Acehnese. As in Aceh, part of the fertility boom in Cambodia is attributable to women who were young at the time of the Cambodian genocide (Heuveline and Poch 2007) .
A further distinguishing factor of the 2004 tsunami for the Indonesian population is the differential mortality for adult women relative to men (Frankenberg et al. 2011) . If the fertility response to death emerges in part through family-building-a phenomenon noted as early as Eversley's (1957) study of eighteenth century England-the effects observed here will be more relevant to mortality shocks that, through direct or indirect means, influence entrance into new unions.
Looking ahead, it will be important to understand the long-term impact of the tsunami on Indonesian families. A five-year follow-up post-disaster is unusually lengthy. It is possible to assess the extent to which families of older women differ markedly as they age out of their reproductive years than they did prior to the disaster. For younger women, we cannot yet assess whether the increase in fertility observed from 2006 to 2009 translates into larger completed family sizes or simply reflects a shift in fertility timing. Answers to this question will emerge as additional data are collected.
